Traditional methods of collecting and sorting benthic macroinvertebrate samples are useful 14 for stream biomonitoring and ecological studies; however, these methods are time consuming, 15 expensive, and require taxonomic expertise. Estimating larval densities through collection of 16 post-emergent exuvia can be a practical and time efficient alternative. We evaluated the use of 17 multiple pass depletion techniques of the post-emergent exuvia of Pteronarcys californica to 18 estimate larval densities at ten sites in three Colorado rivers. Exuvia density was highly 19 correlated with both final-instar larval density (R 2 = 0.90) and total larval density (R 2 = 0.88) and 20 the multiple pass removal technique performed well. Exuvia surveys found P. californica at 21 three low density sites where benthic sampling failed to detect it. At moderate and high density 22 sites the exuvia surveys always produced lower density estimates than benthic surveys. Multiple 23 pass depletion estimates of exuvia proved to be an accurate and efficient technique at estimating 2 24 larval densities and provided an effective alternative for traditional benthic sampling when 25 objectives are monitoring P. californica and detecting populations, especially at low density 26 sites. 27
using a depletion population estimator to approximate exuvia densities and detection 71 probabilities of Anisoptera. Richards et al. [33] correlated P. californica exuvia densities and live 72 (wet) larval body weights with substrate embeddedness to demonstrate differences in life history, 73 distribution, and abundance above and below a main stem impoundment. Their work provided a 74 foundation in the development of our novel technique to estimate larval densities through 75 multiple pass removal sampling of exuvia. 76 Multiple pass removal sampling is a commonly used technique in wildlife and fisheries to 77 estimate population size of closed populations. Assumptions of this models used to analyze these 78 data are closure (no deaths, births, emigration, or immigration) and constant capture probability 79 [34, 35] that must be met to avoid bias [36, 37] . If more than two depletion events are completed 80 then assumptions about capture probabilities can be relaxed and capture rates for different passes 81 can be estimated. If populations can be considered geographically and demographically closed 82 (due to isolation or short sampling time period) then population estimation can be accomplished 83 rather simply if good unbiased estimates of detection probability are possible.
84
The objective of this study was to couple traditional benthic invertebrate sampling with 85 multiple pass removal techniques to evaluate if closed population estimation models can be used 86 to estimate the density P. californica larvae. We tested this by correlating densities of 87 systematically collected exuvia from the riparian area with densities of larvae from benthic 88 samples. Another goal was to provide a safer and more efficient method for estimating single 89 species densities.
90

Methods
91
Study area
Benthic and exuvia sampling was conducted at ten sites on three rivers in Colorado. Eight 93 sites were sampled on the Colorado River and one on the Fraser River both in north central 94 Colorado, and one site on the Gunnison River in southwest Colorado (Fig 1) . Distance between 95 the lowest Colorado River site and the Fraser River sites is 74 km. (Table 1) . TL (mean 49.1, SE 0.51) and mature males ≥ 37 mm TL (mean 41.9, SE 0.46) ( Table 2) . Mature females were significantly larger than mature males within each river (p=0.0000 for each). Exuvia densities were highly correlated with both mature larval densities (R 2 = 0.90) and 162 total larval densities (R 2 = 0.88). Exuvia densities averaged 2.6/m² and ranged from 0.002/m² to 163 11.443/m² (Table 3) Exuvia detected populations at all 10 sites whereas larvae were found at only seven of the 171 10 sites (Table 3) . Capture probabilities of exuvia ranged from 0.45 to 0.89 (average 0.72).
172
Simple two pass population models were sufficient to produce unbiased population estimates.
173
Capture probabilities and population estimates were very similar for both the Huggins closed 174 capture model for three and four pass estimates and the Zippin two pass estimates (Fig 2) . The probabilities for all passes is violated with the simple two pass model. However, that bias was 179 small and population estimates of the two models were very close (Fig 2) . 30. Foster SE, Soluk DA. Evaluating exuvia collection as a management tool for the federally
